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a b s t r a c t
Land-use changes have strong impacts on biological communities. Among them, land abandonment is
threatening a large number of conservation-concern species associated with semi-natural habitats
shaped by ‘traditional’ farming. We focused on the red-backed shrike as a model for investigating the
effect of land abandonment on a threatened bird species, and used historical data to model dynamic sce-
narios. We explored variations in habitat suitability from the 1950s to the present and predicted possible
future variations. After investigating local habitat preferences of the species, we formulated a spatially
explicit model of habitat suitability for shrikes according to current land-use types; then, we evaluated
past habitat suitability, by applying the model to three known past scenarios, and simulated the habitat
changes after land abandonment. By combining a habitat-association approach with past and future land
use scenarios, we assessed and predicted the effects of habitat changes caused by abandonment. Shrike
occurrence was favoured by the cover of four types of grassland and of shrubland with trees, and nega-
tively affected by broadleaved woodlands. The current average habitat suitability is less than half of what
it was in the 1950s. Future predictions in a complete abandonment scenario suggest that important
decrease could be expected 10 or 20 years after abandonment, and that after 30 years the red-backed
shrike would be completely extinct. Alternative scenarios involving partial abandonment suggested that
subsidy policies may mitigate the effects of abandonment. Knowing land-use dynamics allowed the
exploration of effects of land-use changes and corroborated the importance of low-intensity farming
for conservation.
 2010 Elsevier Ltd. All rights reserved.
1. Introduction
Changes in land-use have a global effect (Leemans and Zuidema,
1995; Hurtt et al., 2006) and, interacting with other components of
global change, have a strong impact on the structure of biological
communities (Sala et al., 2000; Thomas et al., 2004; Rosenzweig
et al., 2008; Gil-Tena et al., 2009). Mediterranean ecosystems ap-
pear to be especially susceptible to the impacts of global change
(Lavorel et al., 1998), because of the high exposure to human activ-
ities (Blondel, 2006), the sensitivity to climatic conditions (Peñu-
elas et al., 2002) and the simultaneous impact of several factors
(Sala et al., 2000). The effects on biodiversity of such impacts are
largely unknown (Sala et al., 2000), may be non-linear and may
display opposite directions (Gil-Tena et al., 2009).
Land abandonment has been an important land-use change in
recent decades, being a major consequence of socio-economic
changes in highly industrialized countries (Ostermann, 1998).
The decrease in farming primarily affects the least productive agri-
cultural land and triggers a recovery of semi-natural vegetation
(Sirami et al., 2008). In most of the Mediterranean region, land
abandonment has occurred during the last century. This has led
to the naturalization and vegetation closure of many areas, thus
favouring the spread of forests (e.g. Debussche et al., 1999; Poyatos
et al., 2003; Roura-Pascual et al., 2005). The Northern Mediterra-
nean basin has a long-term and complex history of human exploi-
tation, which has largely shaped its landscapes and associated
fauna (Blondel, 2006). It has recently experienced fast and wide-
spread agricultural abandonment (Mazzoleni et al., 2004), which
appears to be an important cause of species declines, especially
in bird communities (Farina, 1995, 1997). The recovery of semi-
natural vegetation that results from agricultural abandonment
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causes a decrease of open grassland-like habitats and an increase
in shrubland and, especially on the long-term, woodland cover
(Debussche et al., 1999; Romero-Calcerrada and Perry, 2004). This
causes a decline of species tied to open habitats (Preiss et al., 1997;
Suárez-Seoane et al., 2002; Sirami et al., 2007), with migrant spe-
cies associated with open farmland habitats being particularly af-
fected (Sirami et al., 2008). In general, many species of
conservation concern in Europe are associated with traditional
farm landscapes and the semi-natural habitats they produce and
maintain (see e.g. Tucker and Evans, 1997). Such types of land-
scapes have been increasingly studied in order to understand
mechanisms underlying the decline of farmland birds (Benton
et al., 2003) and the main steps to be taken for their conservation
(Donald et al., 2002).
On the basis of the above, assessments are urgently required on
the impact (past, current, and likely future) of environmental
change, on animal communities and especially on threatened bird
species in the Mediterranean region. Assessments should espe-
cially include land abandonment and the consequential fast recov-
ery of forest, further boosted by climate change and frequency of
ﬁres (Grigulis et al., 2005).
However, as it is rare to have enough information on past land-
uses: (i) it is difﬁcult to assess previous ecological gain or loss, and
(ii) future predictions are often built up without a historical base.
Although notable exceptions exist (see e.g. Domenech et al.,
2005; Ficetola et al., 2009; Fouquet et al., 2010), none of them con-
sider farmland birds, one of the main concerns for conservationists
at the beginning of the third millennium.
Among depleted and declining farmland birds, the red-backed
shrike Lanius collurio is a typical inhabitant of semi-open habitats
created and maintained by ‘traditional’, low-intensity agricultural
practices (Fornasari et al., 1997). A recent study revealed that
shrike conservation in southern European farmed landscapes de-
pends on a trade-off between ‘intense’ agricultural land use and
‘partial’ land abandonment, which provide complementary re-
sources (Brambilla et al., 2007a). Other research in different Euro-
pean countries has highlighted a similar pattern: red-backed
shrikes occupy mostly farmed landscapes characterised by a ma-
trix of ﬁelds and grasslands, within which marginal features are
interspersed, such as shrubs, hedgerows and small trees (Kuzniak
and Tryjanowski, 2000; Vanhinsbergh and Evans, 2002; Karlsson,
2004; Tryjanowski et al., 2007; Golawski and Golawska, 2008;
Golawski and Meissner, 2008; Brambilla et al., 2009a). These
widely converging ﬁndings, coming from different geographical
contexts, emphasise how red-backed shrikes are principally tied
to an ‘intermediate’ ecological disturbance created by agro-
pastoral activities over biological communities and environment.
Red-backed shrikes need open areas with low grass provided by
pastures, mown grasslands or grassy arable-ﬁelds; they also need
shrubs or small trees for perching and nesting sites, which are
found in areas not directly used for agricultural purposes, or by
portions of pasture with a lower grazing pressure. Finally, untilled
herbaceous plants favour shrike occurrence by positively affecting
the abundance and availability of invertebrate prey; untilled grass-
lands are often ensured by fallow land or set-aside. When a similar
mosaic pattern (which in most European countries does not occur
as a ‘natural’ feature but only as a by-product of traditional agricul-
tural land use) is created ‘ad hoc’ by habitat management, shrikes
respond positively to this improved habitat quality with a steady
population increase, stressing the link between this species and
the habitat mosaic created by low-intensity agriculture (Casale
et al., 2007, and references therein).
Red-backed shrikes are quite easy to note and locate, thanks to
their conspicuous behaviour, and previous spatially explicit mod-
els of habitat suitability for this species, based on land use features,
lead to valid predictions of species abundance (Brambilla et al.,
2009a). The red-backed shrike in the northernMediterranean basin
thus appears to be an ideal model for investigating the effect of
habitat changes, caused by land abandonment, on threatened
farmland birds.
With this work we model habitat suitability for the study spe-
cies according to dynamic land-use contexts. We analyse the spe-
cies’ habitat requirements in a landscape widely shaped by
traditional agricultural use, where historical changes in land use
and associated vegetation structure are known; then, we explore
variations in habitat suitability from the 1950s to the present
and predict future habitat suitability in a land-abandonment
scenario.
The simultaneous occurrence of a range of neighbouring land-
types allows us to investigate how strictly red-backed shrikes are
dependent on different types of land use. Such types include land
for non-intensive crop production and livestock grazing as well
as arable-ﬁelds, pastures and woodland that have been abandoned
recently or in the past. We formulate a spatially explicit model of
habitat suitability for the species according to the current pattern
of land-use types. Then we evaluate past habitat suitability, by
applying our model to three known past scenarios (dating back
to the 1950s), and simulate the development of vegetation com-
munities after complete land abandonment, i.e. the cessation of
all agricultural and pastoral activities. We simulate the progressive
substitution of ﬁelds and pastures by shrubland and tree commu-
nities, setting the time and order of habitat succession on the basis
of the historical evidence of land-use changes. By estimating past
habitat suitability and by simulating the future evolution of land-
use cover in an abandonment scenario (quite likely to occur in fu-
ture decades), we further test the effect of land abandonment on
shrike occurrence. Land abandonment has been the major force
driving landscape changes in recent years in the study area (Boglia-
ni et al., 2003; see also Fig. 1) and in other mountainous regions.
The analysis of possible future scenarios, calibrated using his-
torical data, allowed us to predict the effects of land abandonment
on this declining species. Red-backed shrike could also be used as a
model for entire biological communities of low-intensity agricul-
tural areas, at least in northern Italy, where it is an indicator of high
biodiversity (Brambilla et al., 2009a; Casale and Brambilla, 2009).
Since land-use changes (like the ones we consider here), represent
a common phenomenon in most of southern European and Medi-
terranean mountainous areas, we believe that our study species/
case may have a more general interest, and may often be applicable
Fig. 1. Location in Italy of our study area in the northern Apennines (white
polygon), with the historical plot (grey patch comprised within the study area).
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to the species-rich (and conservation priority) biological communi-
ties of traditionally farmed landscapes.
2. Materials and methods
2.1. Study area
The study area (18,040 ha) is located in the northern Apen-
nines (Italy, Lombardy, province of Pavia, Fig. 1), roughly on the
boundary of the Mediterranean and Eurosiberian regions. This
area holds a large diversity of farmland birds (Bogliani et al.,
2003) and important populations of many conservation-concern
species (e.g. Negri et al., 2005; Brambilla et al., 2008, 2009b).
The red-backed shrike is the only shrike species regularly breed-
ing in the area; therefore, the potential effects of the occurrence
of other shrike species cannot inﬂuence the distribution and hab-
itat selection of our model species (cf. Hromada et al., 2008). The
landscape is one of the few non-intensive agricultural systems
remaining in central and northern Italy, and is ﬂanked by wood-
lands (mainly oaks at lower and beeches at higher altitudes)
and rocky habitats. Altitude ranges between 169 and 1263 m
a.s.l. (mean 538 m, median 490 m a.s.l.).
The main habitats are ﬁelds (generally smaller than a few hect-
ares), consisting of arable land seeded with cereals and lucerne
Medicago sativa, fodder and fallow lands, vineyards, villages and
small towns, rocky outcrops, broadleaved woodlands, pine planta-
tions, small rivers, calanques (sandy/rocky mountainsides sub-
jected to erosion), sub-Mediterranean garigues (low and sparse
shrubland of dry areas), and areas of recently-abandoned ﬁelds
and pastures progressively being covered by shrubs and trees.
Archaeological and historical evidence suggests that the processes
which led to the present landscape structure in the northern Apen-
nines can be described by the following few characteristic stages
(Montanari et al., 2002; Moreno et al., 2005): slashing and burning
(which transformed forests into cultural landscapes, beginning as
early as the Bronze Age; Maggi, 2004); removing stones, levelling
the ground and reshaping the original proﬁle (based on archaeo-
logical evidence dating back to the Early Middle Ages; Cevasco,
2007); terracing and permanently cultivating (mainly due to the
increase in the human population in mountains during the 18th–
19th Centuries); changing from cultivating to pasturing; ﬁnally,
frequent abandonment of pastures in the second half of the 20th
Century. Agricultural and pastoral activities (which are all non-
intensive within the area) are now rapidly decreasing, with a con-
sequential loss of cultivated/grazed areas. For further details on
habitat features of that part of the Apennines see Bogliani et al.
(2003) and Brambilla et al. (2008, 2009b).
For a subsample of our study area (650 ha), historical data about
vegetation structure and land-use changes were available (Fig. 2):
the cover of woodland, shrubland and agricultural areas (including
seeded and permanent grasslands – the latter with or without scat-
tered shrubs and trees) were quantiﬁed and mapped in 1950, 1982
and 2000, by using detailed aerial photographs. This provided a un-
ique opportunity for evaluating the real trend of vegetation types
in a plot representative of the whole study area and the historical
changes in habitat suitability for our model species.
2.2. Fieldwork
We counted shrikes in 13 plots (average area 88 ha), scattered
over the whole study area and chosen as being representative of
the different types of semi-open habitats potentially suitable for
the species: areas covered mainly by arable-ﬁelds, permanent
grassland (mown grassland, pasture, grassland with trees and
shrubs), large clearings, dry grassland, etc.
Shrikes were surveyed by territory mapping during June, July
and August 2008. The survey period was slightly postponed com-
pared to a previous study in a neighbouring region (Brambilla
et al., 2007a), but mirrored our recent work in Lombardy (Bramb-
illa et al., 2009a), because in both 2007 and 2008 migrant birds
were noted until 25 May and breeders settled relatively late during
the season (Brambilla et al., 2009a; Casale and Brambilla, 2009).
Each study plot was surveyed on three to ﬁve dates and between
05:00 and 12:00 a.m. All contacts and nests found were recorded
on aerial photographs (scale 1:2000). We deﬁned a territory centre
as the midpoint of all records obtained from a pair – particularly a
male and female together, a singing male, aggressive encounters
Fig. 2. Changes in land-use cover in the ‘historical’ study plot: white: agricultural
areas (seeded and permanent grasslands, including permanent grasslands with
scattered trees and shrubs); pale grey: shrublands; dark grey: woodland. The effects
of land abandonment are striking, with a dramatic expansion of woodland over
other land uses.
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and pairs showing courting, copulating or nesting behaviour. This
follows methods used elsewhere with the same species (Brambilla
et al., 2007a and references therein). Because of the marked terri-
toriality of this species, these records are useful to deﬁne territory
shape (Karlsson, 2004; Tryjanowski and Golawski, 2004). Seventy-
one territories were mapped within the 13 study plots.
2.3. Habitat association of the red-backed shrike
Seventy-one random points were generated by means of a GIS
procedure over the entire area encompassing the study plots. Ter-
ritory midpoints and random points were buffered to create 142
circular plots of 1 ha each, by means of GIS. One hectare was
thought to be a good approximation of territory size in the Apen-
nines and Lombardy (Brambilla et al., 2007a, 2009a). In each plot
we measured the proportional cover of 14 types of land use (Table
1). Habitat cover and hedgerow length were estimated on a high-
deﬁnition land-use map (scale 1:10,000; DUSAF2, ERSAF-Regione
Lombardia), which ﬁnely distinguished between different types
of vegetation. Equally, the map distinguished between vegetation
types on abandoned land: transitional vegetation, such as recently
abandoned areas progressively being covered by shrubs, or shrub-
land progressively being invaded by trees. These virtually formed a
gradient from agro-pastoral land to woodland. Therefore, such a
database was particularly useful for the purpose of our study.
Habitat cover variables were arcsine-square-root transformed.
We assessed, by means of a logistic regression analysis, the vari-
ables likely to affect habitat selection by red-backed shrikes. We
adopted an AIC-based approach, carried out in R (stepAIC func-
tion); then, a stepwise backward procedure of variable selection
was also carried out, either based on the likelihood-ratio test and
on the z-statistic. In both the AIC-based and stepwise procedures,
quadratic terms of the variables included in the model with posi-
tive effects were also tested, but they were always non-signiﬁcant
and were not retained in the model.
We calculated the area under the curve of the ROC plot, based
on a nonparametric assumption (Pearce and Ferrier, 2000; Gibson
et al., 2004; Rushton et al., 2004). In the ﬁnal model, standardised
residuals approached a normal distribution and the data were not
overdispersed (Rushton et al., 2004). We also performed a hierar-
chical partitioning analysis, which provides estimates of the inde-
pendent and joint explanatory power of predictors, considering all
possible models in the regression setting (Chevan and Sutherland,
1991; Mac Nally, 1996, 2000). Variables with large independent
values are most likely to be causal (Mac Nally, 2000), and conse-
quently relevant for management (Brambilla and Rubolini, 2005).
The independent contribution of each explanatory variable may
be used to check and validate the results of regression analyses
(Mac Nally, 2000; Heikkinen et al., 2004; Radford and Bennett,
2004; Brambilla et al., 2006). Because of software limitation (max-
imum 12 variables), from our set of 15 potential predictors we ex-
cluded the three variables that showed the least signiﬁcant
difference between occupied and unoccupied plots in a t-test com-
parison, and that were not included in any possible model, in order
to leave out the variables presumably less important. This analysis
was performed by means of the ‘hier.part’ R-package (Walsh and
Mac Nally, 2003), using the log-likelihood as goodness-of-ﬁt mea-
sure (Mac Nally, 2000). Means and parameter estimates are re-
ported together with their standard errors, unless stated
otherwise.
2.4. Predicting past, current and future habitat suitability
Maps of habitat suitability were created by integrating individ-
ual shrikes’ habitat choice with the habitat distribution in the
study area, assuming that the spatial distribution of the species re-
sults from the collective outcome of the habitat choice of individ-
uals (Sergio et al., 2004; Brambilla et al., 2009a). Although such a
modelling procedure cannot take into account the effects of social
information/interaction of shrikes, it has been proved to be effec-
tive for predicting habitat suitability and distribution of red-
backed shrikes in the same region of this study (Brambilla et al.,
2009a), and thus is likely to be useful for the scope of our work.
Moreover, the quite good discriminatory power suggests that the
model is adequate for describing the features of habitat selected
by shrikes in the study area (see Section 3). We produced a map
of current habitat suitability (based on the 2007 DUSAF2 land-
use map) by extrapolating the habitat model to the entire study
area, by means of 5000 randomly scattered points which were gen-
erated through a GIS procedure and independent of the territories
and random plots used for the deﬁnition of habitat preferences. At
each of the 5000 points we used the estimated probability of spe-
cies occurrence as an index of habitat suitability (Gibson et al.,
2004). For each point, we created a 1-ha circle, in which the vari-
ables included in the model were measured (adopting the same
method used for territories and random plots). Then, we applied
the logistic regression model to each of the random plots, obtaining
the relative occurrence probability. Next, an interpolation proce-
dure (Analysis: Kriging Interpolation, under the extension Spatial
Tools 3.4 in ArcView 3.2, ESRI) based on the occurrence probability
allowed us to draw a map (resolution: 20 m) of habitat suitability
for the whole study area.
Table 1
Habitat variables measured in territories and random plots. The proportional cover of habitat variables was arcsin-square-root transformed prior to statistical tests.
Variable Description
Length of hedgerows Length of hedgerows (m) within the plot
Urban habitats Cover of urbanized areas
Seeded grasslands Cover of land with herbaceous cultivations, including areas subjected to rotation and fallow land
Poplar cultivations Cover of Populus spp. plantations
Other woody cultivations Cover of other perennial crops
Permanent grasslands Cover of pastures, mown or other grasslands
Permanent grasslands with scattered trees and
shrubs
Cover of pastures, mown or other grasslands with scattered trees and shrubs
Broadleaved woodlands Cover of broadleaved woodlands
Open broadleaved woodlands Cover of broadleaved trees at low density
Coniferous woodlands Cover of coniferous woodlands
Shrubland with trees Cover of shrub vegetation with scattered (<10% of the surface) trees, mainly originated by forest expansion
Abandoned areas Cover of herbaceous and/or shrubby vegetation over once mown or grazed areas (possible occurrence of trees over
<10% of the surface)
Vineyards Cover of vineyards
Orchards Cover of orchards
Sparse vegetation Cover of low-density vegetation of rocky faces, stony or sandy soils
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Then, we applied a simpliﬁed version of the model (obtained by
combining certain land uses because of the limitation in variables-
recording from historical aerial photographs; see Section 3) to past
and current scenarios, to assess any changes in habitat suitability
that occurred in the ‘historical’ plot between 1955 and 1982, and
since 2000 and 2007. Throughout this analysis, we have estimated
variations in habitat suitability, within the 650-ha plot, that have
occurred during the past 50 years.
We then tried to assess habitat suitability after land abandon-
ment. For this we used land-use changes that occurred within
the ‘historical’ study plot (Fig. 2), as well as previous studies (Roati,
2007) and other more recent ﬁeld observations, to develop a sim-
ulation of habitat change. We supposed that, after 10 years of land
abandonment, arable-ﬁelds and permanent grasslands change into
‘‘abandoned areas”, abandoned areas and permanent grasslands
with trees/shrubs change into shrubland with trees, and existing
shrubland with trees becomes woodland (Table 2). Although this
is necessarily a rough approximation and the relative speed of veg-
etation succession varies from one land-type to another (depend-
ing on vegetation and soil-type), it seemed that a 10-year period
should be a good approximation for each of the three main transi-
tions to occur. This is perfectly parallel to the changes that oc-
curred in the ‘historical’ study plot (see Fig. 2). Moreover, for our
geographical area, Verburg and Overmars (2009) reported an esti-
mated time for the transition from agriculture to semi-natural
(shrubland) habitats of less than 12 years, and of less than 15 years
for the transition from semi-natural (shrubland) habitats to forest.
Therefore, all available evidence supports the supposed phases and
speed of habitat succession.
Therefore, we estimated the average shrike-occurrence proba-
bility in the abandoned landscapes and drew a habitat suitability
map after 10 (2017) and 20 (2027) years from the current situation
(2007). We did not produce a habitat suitability map for 2037, be-
cause under the estimated speed of habitat succession from open
land to forest, there were no suitable sites for red-backed shrikes
after 30 years of farming cessation (see Section 3).
We also developed two alternative scenarios characterised by
partial land abandonment. In the ﬁrst, seeded grasslands are main-
tained, while permanent grasslands and permanent grasslands
with scattered trees and shrubs are abandoned. In the second, we
envisaged the opposite condition, with seeded grasslands aban-
doned and the other two grassland types maintained. In the case
of other habitat types, we assumed the same successionary pro-
cesses as those considered in the complete abandonment scenario
(Table 2). These two alternative scenarios are more or less likely to
happen in future depending on the nature and economical beneﬁts
of subsidies made available to farmers.
3. Results
3.1. Habitat association
The AIC-based model selection and the two stepwise backward
procedures provided nearly identical results, with all three meth-
ods leading to the same model. The only exception was for perma-
nent grassland, which resulted marginally signiﬁcant in stepwise
procedures (P  0.1 under both approaches) and which was there-
fore left out from those models at the last step. However, the model
including permanent grasslands seemed to be more meaningful, as
many of the cultivated ﬁelds within shrikes’ territories were man-
aged as fallow land for hay-making or occasional grazing. There-
fore, there was a substantial consistency between the results of
the information-criteria approach and the stepwise procedures.
The habitat model (each variable reported with the change in -
2LogLikelihood associated with variable removal from the model)
included (intercept: b = 3.36 ± 1.18) seeded grassland (b =
3.13 ± 0.86; v2 = 17.56; P < 0.001), abandoned areas (b =
2.92 ± 1.02; v2 = 9.86; P = 0.002), shrubland with trees (b = 3.43 ±
1.39; v2 = 6.91; P = 0.009), permanent grasslands (b = 2.22 ± 1.38;
v2 = 2.53; P = 0.112), broadleaved woodlands (b = 2.52 ± 1.27;
v2 = 4.54; P = 0.033), permanent grasslands with scattered trees
and shrubs (b = 3.82 ± 1.11; v2 = 17.40; P < 0.001). The AUC of the
ROC plot for the model was equal to 0.89 ± 0.03.
Hierarchical partitioning provided strong support for the habi-
tat association model we obtained: the most relevant variables
(accounting together for nearly 75% of the overall independent
explanatory power) were broadleaved woodland, seeded grass-
lands and permanent grasslands with scattered trees and shrubs;
all other variables had relative independent explanatory power be-
tween 1.9% and 5.6%.
3.2. Current, past and future predicted habitat suitability
We have formulated a habitat suitability map for the whole
study area for 2007, 2017 and 2027, and for the historical study
plot for 1955, 1982, 2000 and 2007. In both cases, the average hab-
itat suitability decreased with time (see Fig. 3 for the whole area).
Within the ‘historical’ study plot, we were forced to apply a
simpliﬁed logistic model because of the simpliﬁed recording of
habitat variables, using the following regression equation:
Y ¼ 3:36þ 3:13  ðseeded grasslandsþ permanent grasslands
þ permanent grasslands with scattered trees and shrubsÞ
 2:52  ðbroadleaved woodlandsÞ þ 3:43
 ðabandoned areasþ shrublands with treesÞ
However, the simpliﬁed and the original model provided nearly
identical estimates of predicted probability of occurrence (mean
estimate: 0.31 ± 0.16 for the original model, 0.30 ± 0.15 for the
simpliﬁed one; r = 0.96, P < 0.001); therefore, we can assume that
the simpliﬁed model could be readily taken as a good substitute
for the original one within the historical plot. The average habitat
suitability so estimated was equal to 0.65 ± 0.15 in 1955,
0.57 ± 0.17 in 1982, 0.31 ± 0.16 in 2000 and 0.30 ± 0.15 in 2007.
Therefore, the current average habitat suitability was less than half
what it was in the 1950s.
Table 2
Land-use changes after land abandonment considered for modelling scenarios of habitat suitability. See also Verburg and Overmars (2009), who reported the same sequence of
land-use changes.
Land use: 2007 Land use: 2017 Land use: 2027 Land use: 2037
Seeded grasslands Abandoned areas Shrubland with trees Broadleaved woodlands
Permanent grasslands Abandoned areas Shrubland with trees Broadleaved woodlands
Permanent grasslands with scattered trees and shrubs Shrubland with trees Broadleaved woodlands Broadleaved woodlands
Abandoned areas Shrubland with trees Broadleaved woodlands Broadleaved woodlands
Shrubland with trees Broadleaved woodlands Broadleaved woodlands Broadleaved woodlands
Broadleaved woodlands Broadleaved woodlands Broadleaved woodlands Broadleaved woodlands
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Future predictions for abandonment scenarios were even less
favourable. A paired sample t-test revealed a progressive decrease
of habitat suitability (from 2007 to 2017: t = 23.21; d.f. = 4999;
P < 0.001; from 2017 to 2027: t = 13.79; d.f. = 4999; P < 0.001).
For the 2027 prediction, the remaining suitable patches coincided
with the original seeded and permanent grasslands, which evolved
into shrubland with trees. In the 2037 scenario, there was virtually
no suitable patch for red-backed shrikes, because the conversion of
open habitats (grassland-like and shrubland) into broadleaved for-
est will be complete.
Points predicted as occupied in 2007 (mean probability of
occurrence 0.74 ± 0.12) had a mean probability of occurrence of
0.62 ± 0.22 in 2017 and 0.50 ± 0.35 in 2027.
The average habitat suitability as predicted by the occurrence
probability model decreased from 0.25 in 2007 to 0.21 in 2017,
to 0.17 in 2027, and to 0 in 2037, when the change from shrubland
with trees to broadleaved woodlands will end with the consequen-
tial disappearance of any remaining semi-open habitats. The num-
ber of points predicted as being occupied by red-backed shrikes
decreased from 1249 in 2007 to 999 in 2017, (20.01%), and to
795 in 2027 (20.42% or 36.35% since 2007) with 0 in 2037.
Under the ﬁrst partial-abandonment scenario (seeded grass-
lands maintained and non-seeded grasslands abandoned), the
average habitat suitability as predicted by the occurrence probabil-
ity model decreased from 0.25 (and 1249 points predicted occu-
pancy) in 2007, to 0.23 (1124 ‘occupied’ points) in 2017 and
stabilised at around 0.15 in 2027 (686 ‘occupied’ points in 2027,
657 ‘occupied’ points in 2037).
Under the second partial-abandonment scenario (seeded grass-
lands abandoned, permanent grasslands and permanent grasslands
with scattered trees and shrubs maintained), the average habitat
suitability as predicted by the occurrence probability model de-
creased from 0.25 (1249 ‘occupied’ points) in 2007, to 0.22 (1028
‘occupied’ points) in 2017, to 0.20 (924 ‘occupied’ points) in
2027, and to 0.01 (40 ‘occupied’ points) in 2037.
4. Discussion
4.1. Moderate farming creates key habitat resources destroyed by land
abandonment
Red-backed shrike territories include a compact mosaic of dif-
ferent habitats (Brambilla et al., 2009a). This is clearly pointed
out by the habitat preference model, which indicates the need
for both grassland-like habitats and for shrub cover. Fields, perma-
nent grasslands and shrub habitats all have positive effects on the
probability of shrike occurrence, while, on the other hand, the only
variable negatively affecting shrike occurrence is broadleaved
woodland, by far the commonest forest type in the area, which is
progressively occupying abandoned areas (Bogliani et al., 2003).
In our sample units (territory and random plots), areas of ‘per-
manent’ (i.e. rather stable) shrubland habitats (heathland, mon-
tane shrubland, maquis, etc.) do not occur, although they were
taken into account for the database we used. All kinds of shrubland
found in the sample units within our study area were formed
either by shrubs invading recently-abandoned ﬁelds or pastures
(abandoned areas), or by the ﬁrst stages of forest expansion over
non-forest areas or by the degradation of existing forest habitats
(shrubland with scattered trees). These were classed as ‘‘areas un-
der evolution” in the DUSAF2 database. The transitory nature of
shrubland is well shown by the pattern of land cover in the study
plot with historical data (Fig. 2), from which the changeable loca-
tion of shrub patches is clearly shown.
These ﬁndings are consistent with the results of previous stud-
ies (Vanhinsbergh and Evans, 2002; Brambilla et al., 2007a; Golaw-
ski and Meissner, 2008; Brambilla et al., 2009a) and provide
deﬁnitive support for the need for ‘moderate farming’ for shrike
conservation in Europe. Low-intensity farming systems, character-
ised by crop-rotation and short-term land abandonment, allow the
Fig. 3. Habitat suitability map for red-backed shrikes in the study area: (a) 2007;
(b) 2017; (c) 2027. Map not displayed for 2037 (no suitable patch left in the area);
habitat suitability increases with colour darkness. See text and Table 2 for changes
of land-use types during the years and for further information.
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close coexistence of grass habitats (pastures, hay-meadows and
fallows, which are key-foraging places for red-backed shrikes,
Golawski and Meissner, 2008), untilled areas and shrubby vegeta-
tion which has covered ﬁelds left untilled for a few years or which
has partly colonized low-grazing pressure pastures (Casale et al.,
2007; Casale and Brambilla, 2009).
Moderate farming, which provides a small-scale mosaic of hab-
itats offering different types of resources needed during breeding,
all packed together within relatively small areas, includes set-
aside, fallow land and patches of ﬁelds or pastures left untilled
for a few years. These increase the abundance and diversity of
invertebrates (easily preyed on by shrikes in open habitats) and
thus favour shrike occurrence (Casale et al., 2007; Golawski and
Meissner, 2008; Brambilla et al., 2009a).
This mix of different habitats, simultaneously required by
shrikes, in abandoned areas will be replaced in a few decades by
dense tree vegetation, unsuitable for shrikes and many other con-
servation-priority species, including many species with strong-
holds in the Apennines (Bogliani et al., 2003; Negri et al., 2005;
Brambilla et al., 2007b; Brambilla et al., 2008; Brambilla and Rub-
olini, 2009; Brambilla et al., 2009b).
4.2. Trends in habitat suitability: land-use changes generate
unfavourable dynamics
Previous modelling of habitat suitability in dynamic scenarios
did not show strong changes in suitability, because of the high
stability in land-use projections under a dominant intensive agri-
culture management (Ficetola et al., 2009). In our study case,
land-use has changed signiﬁcantly in the past 50 years and is likely
to change in the future, according to the same trend (Bogliani et al.,
2003; Roati, 2007): this change has resulted in a large decline since
the 1950s and is predicted to cause a drastic reduction in habitat
suitability for shrikes in a land-abandonment scenario, ultimately
leading to the complete extinction in the study area (see Section 3).
The availability of historical data about land use and the largely
known pattern of recolonization of abandoned ﬁelds and grass-
lands by shrub and trees (Roati, 2007) gave us a unique opportu-
nity for exploring medium-term effects of environmental changes
on a declining indicator species. Although such an approach is
not so easy to replicate in other contexts (given the large amount
and varied type of data required), it provided a powerful assess-
ment of the effects of environmental changes, in our case of the
ones associated with human-depopulation of mountainous rural
areas and land abandonment, which are an important component
of global change. Where available, historical data should be consid-
ered for a thorough evaluation of ecological loss or gain which has
already occurred and for calibrating future predictions (see also
Domenech et al., 2005; Ficetola et al., 2009). Our approach also
provided a potentially useful tool for demonstrating to institutions,
land managers and the wider public the importance of maintaining
traditional farming for biodiversity conservation.
The analyses and maps of predicted habitat suitability further
highlight, on the one hand, the negative effect of the land-use
changes which are now taking place, and on the other hand the
importance of moderate farming for the conservation of farmland
biodiversity. A steady decrease in habitat suitability both in terms
of mean predicted occurrence and of the extent of suitable areas
has been recorded since 1955; average habitat suitability declined
by 12% from 1955 to 1982, but in 2000 it was reduced to less than
half of the historical value (1955). Such a decrease is mainly due to
the dramatic reduction of agricultural areas and then of shrubland
areas; after a ﬁrst phase of land abandonment, in 1982 the rela-
tively high extent of shrubland cover (which replaced some of
the former grassland areas after abandonment) partly balanced
the loss of open habitats; however, land abandonment continued
in the following years and by 2000 woodland had spread over wide
areas, while both grassland-like habitats and shrublands had de-
clined. On the other hand, other factors not directly tied to land-
use could affect the population dynamic of this species (see e.g.
Diehl, 1995; Tryjanowski et al., 2006).
The trend shown by a red-backed shrike population in a survey
plot located a few kilometres north of our study area is consistent
with our scenarios and indirectly conﬁrms the dramatic reduction
in habitat suitability from the 1950s to the present as predicted by
our modelling exercise. In a study area surveyed since the 1960s,
there were 30 breeding pairs of red-backed shrike in 1963 (Cova,
1965); gradually, the species declined, until it completely disap-
peared by the end of the last century (C. Cova, pers. comm.).
Marked declines of the species in the past 50–60 years have also
been reported for a large portion of the northern Apennines,
including our study area (Bogliani et al., 2003).
A further decrease of habitat suitability will take place if land
abandonment does not cease (see Section3 and Fig. 3) and, in the sce-
nario of complete abandonment of agro-pastoral practices, it will
probably lead ﬁrstly to a drastic reduction of the shrike population
within 10–20 years, and then to complete extinction in the study area
within 30 years after abandonment. Although such a timeframe is
undoubtedly an approximation for the habitat trend, current knowl-
edge about the speed of conversion of agricultural and pastoral areas
into denser vegetation types and, ultimately,woodland, suggests that
the time needed for a complete cover of forest may be similar (Ver-
burg and Overmars, 2009) or even shorter than the value used in
our simulations (Roati, 2007). From our simulations, the decline of
habitat suitability is expected to display a stronger effect after 10–
20 years: the increase in shrubs and untilled grasslands probably
partly compensates for the reduction of open habitats in the ﬁrst
few years after abandonment. This conforms not only to our habitat
model (see Section 3), but also to previous studies (Brambilla et al.,
2007a) and to habitat association of the species in Italy, where the
species is reported to also inhabit abandoned grasslands and shrub-
lands (Arcamone, 1993): all these sources provide evidence for a tem-
porarily limited negative effect of abandonment.
Partial-abandonment scenarios lead to less dramatic declines in
habitat suitability. The relative scarcity of both types of permanent
grassland habitat (in 2007, the overall area in the 5000 plots was
equal to 11% of the cover of seeded grasslands) resulted in lower
beneﬁts ensured by maintenance of grasslands compared to that
of seeded grasslands. This occurred despite permanent grasslands
(especially those with scattered trees and shrubs, see Section 3)
are highly-suitable habitats for shrikes.
Finally, our simulations demonstrate clearly the importance of
maintaining suitable low-intensity farming in hilly and mountain-
ous areas of southern Europe.
Whilst other environmental processes may re-create suitable
habitat patches, e.g. through ﬁres (Grigulis et al., 2005), they are
unlikely to re-build such a suitable landscape mosaic. Adequate
policies and targeted subsidies could help the conservation of lar-
ger areas of semi-open landscapes shaped by traditional agricul-
tural practices. The results of the analyses involving partial-
abandonment scenarios suggest that well-targeted subsidies may
mitigate the effects of rural abandonment.
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